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Abstract 
Servitization of manufacturing is getting more importance in our global economy due to the need of manufacturing companies to 
maintain their sustainability, promoting this way a more long term relation with their customers, and innovating and supplying 
added value with their products. Therefore, manufacturing companies are challenged to move into a paradigm shift that is to go 
from considering independently products and services and start to consider them integrated. To integrate services, in their core 
products, and to support this, process organizational changes are required, and methodologies that integrate the product and services 
development processes. An effective integration of these processes creates a potential for product-service innovation, that being 
exploited, contribute to increase competitiveness and to ensure sustainable businesses. In this article, we propose a new 
methodology for the development of product-service systems (PSS) that promotes the execution of processes for designing products 
and services, as a parallel sequence of activities, which leads to a consistent product-service development. The proposed 
methodology contributes for a clear understanding about the processes to be used in product-service design and development, the 
required organizational changes, and the integration of product-service design with business model definition. 
 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of Professor Pedro Filipe do Carmo Cunha  
 
Keywords: Product-service systems; Personalization; Business models
1. Introduction 
With the actual volatility of the markets and global 
competitiveness, is necessary to progress from a 
traditional approach of value creation, centred in the 
product, to an approach centred in the customer. In the 
traditional approach, manufacturers stress their efforts 
on the production, sell and delivery physical product 
which after to be supplied, the manufacturer assumes 
few responsibilities beyond basic technical support and 
short to medium-term warranty [1]. In opposition, by 
adopting a customer-centred attitude, the  
objective passes through knowing how the customer 
recognizes value, trying to understand, in detail, what 
activities are executed when using and operating a 
product throughout its life-cycle [2]. This shift in the 
approach of value creation implies, thus, a profound 
change in companies which are based, not only in 
but also in the 
definition of new business models. Business models 
innovation has gained new importance, in the sense it 
allows companies to maintain and to improve their 
competitive position, establishing more lasting 
relationships and closer collaborations with their 
customers [3]. The development of innovative strategies 
to add or to integrate services in their core products is a 
response to the market globalisation and its volatility and 
obliges manufactures of producing goods to adapt their 
business models and to increase of service content in 
their offers [4]. This strategy of involving the delivery of 
services integrated in products is supported by existing 
core competencies on design, production and 
distribution of high quality and or complex products [5]. 
Thus, the definition and implementation of new business 
models that sustain the offer of new product-service is 
very close interlinked with the product and service 
development activities. In this paper we fundament the 
need in defining a proposal methodology for product-
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service development and we validate its use through a 
case study that allows mapping different activities of the 
methodology. It was recognized that the use of a 
methodology for product-service development will allow 
formalizing procedures and reducing the time for 
product-service development. 
2. The need for an integrated methodology for 
product-service development  
In this section we introduce the product-service 
paradigm and are reviewed existing product and service 
development methodologies. It is based on such analysis 
and evaluation of existing methodologies that we justify 
the need to propose a new methodology for product 
service development. 
2.1. Product-service paradigm  
The bases of competition are radically changing and 
in many circumstances products differentiation 
competition is giving away place to 
differentiation through an offer of integrated product and 
services. This trend is related to a new paradigm which 
is a new base of competitiveness with respect to 
practices so far dominants in the market [6] and referred 
as new product-service paradigm. It has been presented 
by a wide range of authors [1-8] and, in common, there 
is some consensus on the importance of combining 
products and services, as a whole system that offers 
added value throughout their product-service life-cycle. 
The adoption of product-service paradigm involves 
understanding the need for the integration of activities of 
product and service development, their implementation 
and monitoring, both in terms of internal and external 
links upstream and downstream of the value chain. In 
many cases, there must be a profound cultural change in 
organizations, only possible through the design of 
training programs adjusted to the reality of each 
company and applied in a systematic and persistent way. 
It requires a focus on routines and practices of effective 
cooperation with external actors with divergent views, 
but reconcilable. This ability to integrate and reconcile 
interests is a new challenge to integrate the product and 
service development and of course the design of the 
business model that supports it.  
By expanding the scope of the offering, including 
services on the product, companies can capture profits 
throughout the offering life-cycle and at the same time 
improving customer satisfaction [1]. Moreover, this 
integration promotes closer ties with customers, thus 
allowing continuous streams of revenues that tend to 
have higher margins and require fewer resources, than 
isolated supplied products. This new strategy implies the 
existence of core competencies in production and 
systems integration, i.e. this product-service paradigm is 
not just for providing services but also by how services 
are combined with products to provide integrated 
solutions with high value, taking into account the needs 
of each customer.  
2.2. Product-service development methodologies 
Product development refers to a set of activities 
starting with the perception of a customer needs and 
finishing in the production, sell and delivery of a product 
in the market [9]. Nevertheless, in a product-service 
system (PSS), not only the product and its design 
deserve special attention during the process of 
development. The service is also an important integrated 
part to be taken into account. Unlike traditionally 
happens the service component has a great significance 
on the product design. Thus, the components of the 
product and the service must be integrally designed. 
Several product and service development methodologies 
have been proposed, but none have already stated.  
Based on the work of [7] and [8], it was possible to 
obtain a holistic vision about this thematic and some 
existent methodologies were deepened. The objective is 
not to describe them but instead understanding their 
mains aspects, thus contributing to the development of a 
new methodology. Hence, it is imperative to analyse 
what innovations can be brought to the process of 
product development, in order to optimize production 
and create a pattern that can be used to produce a useful 
product/service system. Within this context, analysed 
product development methodologies give little or no 
attention to services, despite the fact of showing some 
complexity. Service development methodologies are less 
in number than product ones. Table 1 shows an analysis 
of product development methodologies [5, 9-12] with 
their main activities identified and implemented in the 
industry of producing goods. 
Table 1. Product development methodologies analysis. 
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Similarly, for service development we propose the 
following activities [5, 8, 13], particularly which 
concerns technical services: Identification of Needs, 
Feasibility Analysis, Concept Development, Modelling, 
Realization Plan, and Testing.  
Based on the work of [7, 8] it was possible to verify 
that a completed and globally accepted methodology 
does not exist. The very state-of- the art in this research 
area still does not allow the definition of pillars that 
support such methodology. However, these authors 
provided important contributions in defining the most 
important aspects which one must cover. Thus, this 
research was guided with the aim to propose a new 
methodology for product-service systems.   
3. Methodology for product-service development: A 
proposal  
 After analysing methodologies for product/service 
development and recognizing the need of a more 
completed one we propose a methodology that integrates 
both product and service development. This 
methodology is divided into four phases: 0) 
Organizational preparation, 1) Planning, 2) Design, and 
3) Post-Processing, as illustrated in Fig. 1, and 
incorporating a business model. 
 
Fig. 1. Methodology proposal for product-service development. 
 
3.1. Phase 0  Organisation preparedness 
The focus on providing solutions to the customers, 
including the offer of a service, implies changes, namely 
in the planning, design, and integrated realization of 
product and service development processes. These 
changes imply an adaptation regarding the 
organizational level, and without it is impossible to 
advance into the development of an integrated propose. 
Therefore the organizational preparedness phase is 
introduced, before the Design phase of the 
methodologies. The result of this phase is the set of 
organizational pre-requisites for the PSS in which one 
should include, among others, a review of existing 
design processes, the implementation of design services 
processes and the implementation of organizational and 
modular processes. 
3.2. Phase 1  Planning 
 This phase starts with the identification of an initial 
idea and/or a customer/market need, being this idea 
and/or need a stimulus to trigger the design of products 
and/or services for the new PSS. Typically one starts by 
identifying needs and then develop ideas for the new 
PSS, on the basis of external and internal inputs, in order 
to define objectives that aim to represent life-
cycle perspective. Internal inputs result from the 
customer needs and all the players involved in the value 
chain. Internal analysis is important to validate how the 
-
benefit analysis should have into account a detailed 
analysis of costs necessary for project execution and its 
expected benefits. A study of viable solutions should be 
included, assuring the existence of technical 
requirements that allow the idea to occur or its 
development timely. An analysis of customer needs can 
be done through market surveys or direct contacts with 
clients, giving more emphasis on those considered 
important to the organization. The analysis of the 
external environment and the gathering of information 
based on customers, suppliers, competitors, and 
substitute products should be made in order to satisfy 
identified needs, avoiding these way unnecessary 
solutions. Ideas are developed and evaluated against the 
goals of the customers. Requirements should be 
established in the context of PSS, instead of isolated 
product or service. Also, to offer an advantageous 
combination between product and services, new business 
models should be developed, considering possible 
adaptation -cycle. 
3.3. Phase 2  Design 
The design phase of a PSS focus on an integrated 
management of product and service, making use of 
defined processes and available means, methods or 
techniques to accomplish this design. Regarding product 
design, the first activity is to start the development of a 
concept, based on previous identified customer needs 
and requirements. A classification should be made, in 
terms of functional, non-functional, and other relevant 
requirements. For this activity, descriptions and sketches 
showing target specifications and functions of the 
product are outlined. Several alternative concepts are 
elaborated and further evaluated. From the several 
alternative concepts one or more are chosen for further 
development, validation and testing. The creation of a 
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preliminary design is the next step, defining the 
components and the interactions of the concept. The 
product architecture is created. The output is typically a 
geometrical layout of the product to be developed with 
detailed specifications of each component and the final 
diagram of assembling. Detail design is the next step, 
defining all technical specifications, raw materials and 
respective suppliers. Such as customer requirements, 
product design is an interactive and iterative process. 
After this a prototype is created, tested and validated. 
Finally the product is produced.  
The service modelling phase is an analogy to product 
preliminary and detailed design. It contains documents 
describing the designed service. For service modelling, 
Sakao and Shimomura [14] suggested sub-models to be 
applied at this stage and that will support the design 
process of the service model. The phase of  
realization includes physical and non-physical properties 
of the service model. An example of a non-physical 
resource is the training of individuals being responsible 
for providing services. At the same time, detailed 
implementation plans should be developed. More 
precisely, guidelines and checklists for following-up 
services. In the last stage, the service is tested with key 
customers, in order to seek potential improvements that 
could be made to guidelines and checklists. 
3.4. Phase 3  Post-processing 
Once the process of product-service development is 
finished, the staff allocated to the project will involve in 
a set of tasks to ensure a correct translation of all the 
decisions and options, so that the product-service can be 
produced or performed, made available to the customer 
consistently, and on time and the estimated cost. After 
product design is completed, it is necessary to conduct 
prepared production activities, in terms of logistics and 
organization, namely in relation to human resources, 
tangible and intangible resources, such as consumables 
and infrastructure to meet production needs and for a 
given level of demand. Being the organization prepared, 
regarding the above listed topics, the phase of full 
production can begin, in which the product is produced 
according to specifications, drawings and plans. The 
main objective of this activity is a final and marketable 
product. In post-processing, product industrialization 
and validation and respective documentation are also 
performed. From here the product enters the production 
line and company is valued for improving 
future implementations. The industrial prototype is the 
final marketable product ready for operation after one 
last final validation. The product installation on the 
client  side means that all the documentation and the 
correct use of safety is created or revised and passed to 
the client. Once the process of service development is 
finished, the team allocated to the project is the first 
responsible for assuring that all description and 
requirements are documented, so that information can be 
used in its execution. If services are provided by external 
entities, the responsibility is assigned to partners, and 
therefore the possible need for further education and 
training to ensure the provided service. In this activity, 
there may be the need to make changes, as well as re-
configure and adapt to the environment where this 
service will be provided. For service implementation, 
technological aspects are to be considered in order to 
ensure a complete integration between the manufacturer, 
the customer and the service provider. 
As a summary for each phase of product-service 
development methodology there are a set of activities 
that need to be executed.  
The activities belonging to each phase are defined in 
Table 2. 
 
Table 2. Phases of the methodology proposal and corresponding 
activities. 
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Implementation    X 
 
4. Case study 
With the aim to validate the proposed methodology a 
real case was used. The existing data and experiences in 
product-service development allow mapping each stage 
of the proposed methodology. The real case reports a 
product-service conceived by Palmela city council and 
Autovision (VW Group Company) and implemented in a 
collaborative project with VW-Autoeuropa and CEIIA-
Engineering Centre for Automobile Industry.  
The data collected about this real case was qualitative 
and based on interviews regarding the concept and 
design development of a Mobile CareVehicle (MCV) for 
a decentralized municipality services in Palmela region 
(see Fig. 2). 
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Fig. 2. Mobile Care Vehicle with the customized inner design 
detail (courtesy of Autovision and Palmela Municipal). 
 
The MCV allows the possibility to provide a set of 
multiple services to householders that living in remote 
places of municipality. Those services are related to 
access to specific data, processes for licensing or other 
applications and such as on-line payments, allowing the 
resolution of problems related with the municipality.  
Palmela city council had a strategic vision of 
decentralizing some services due to region 
characteristics. The interest of Autovision was to evolve 
its activity for personalization of VW MPV car adding 
value to the user with specific needs. Thus, both two 
entities defined the product-service concept. VW 
Autoeuropa supplied the vehicle and Autovision, 
recognizing the importance of incorporating external 
design competencies, acted as a project integrator, 
assuming the management role in the all project, 
incorporating in the product VW MPV, the design 
changes executed by CEIIA, assembling  
and finishing the product with its integrated services. 
Several meetings and workshops were performed 
between the stakeholders and a detailed project plan was 
prepared. All these activities and the establishment of 
partnerships correspond to the initial phase of the 
methodology, organizational preparedness. The data 
collection performed allows us to map the following 
phases of the methodology proposal. 
 
4.1 Phase 1 - Planning 
 
This phase started with an initial idea for the MCV. 
Customer needs and requirements for both the product 
and the service were identified. It was necessary to adapt 
the vehicle to the space to be occupied by the service 
desk, the accommodation of two operators performing 
the service and the users of the service, and other details 
such as necessary anchoring points inside the MVC. The 
customer requirements for the table desk were based on 
the experience gathered from individuals on fixed 
services. The services to be provided were identified and 
all physical (printer, portable pc, wireless internet 
access, forms, prints, etc.) and human requirements 
(competences, formation of teams, security issues, etc.) 
to perform the service listed and adapted.  
The VW MPV can be considered a standard product, 
but the needs of the service contributed to a personalized 
product/service with many options.  
 
4.1 Phase 1  Design 
 
 Based on the previous phase, specifications and 
functions of the product/service were defined and 
alternative concepts were developed and evaluated, in 
particular which concerns the development of the 
customized inner design of the MCV. A concept 
selection regarding the table desk design was reported, 
involving all the stakeholders of the project, to select the 
best one for further development. The service desk was 
developed and designed in CAD 3D by CEIIA according 
to the previous customer requirements (e.g. space 
available, ergonomic issues, etc.). Materials selection for 
the service desk was performed and different colours 
schemes were presented to the promoter. A preliminary 
design defined the components and the interactions of 
the product/service. Main product service characteristics 
included: VW MPV Sharan TDI, 2 rotary seating, 2nd 
battery, 6 outlets 230V, fire extinguisher, additional 
interior lighting, block of drawers, and a service desk, 
regarding vehicle interior design.  
After, the vehicle was assembled and finished as a 
prototype to be tested. 
 
4.3 Phase 3  Post-processing 
 
 To test the service was necessary to establish key 
partners (stopping points) and itineraries. The service 
was tested with householders in real situations and is 
being continuously monitored. The prototype is the only 
vehicle currently in operation. On a second phase, 
services were extended.  
 
4.3 Summary 
 
 The development of an innovative vehicle to provide 
services was an initial experience that allows creating a 
virtual organization that integrates different 
competencies to promote new developments. An 
example of such new developments is the development 
of a second Mobile Care Vehicle with a full integrated 
product-service concept for medical care.  
With these developments, Autovision is prepared to 
present a new business model for mobile services. For 
the success of this first innovative vehicle concept to 
provide municipality services and all the development of 
product-service concept was important the closer 
cooperation established between stakeholders and it is 
recognised the added value of this experience. 
Nevertheless, the case was reported of being reactive, 
based on a migration of services to the vehicle. We 
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believe that using a formal methodology, as the one 
proposed, could have helped in shorten the time to 
development, risks mitigation, earlier service 
incorporation in the development and a proactive 
evolution process of ideation. 
5. Conclusions 
The  existence of a methodology for product-service 
development is considered to be timely and of high 
relevance due to the need to have a formalized set of 
procedures and tasks to be performed, involving 
different stakeholders and supporting companies to 
differentiate their offers.  
Differentiating their offer delivering product-services 
companies establish a more enduring relationship with 
customers, with a consistent value proposition 
throughout product  cycle.  
Part of the value provided to the customers is often 
created from provided services and therefore the need to 
define them at the stage where its products are conceived 
and designed, as illustrated by our case, which was 
consistent with the proposed methodology.  
The methodology proposed was recognized to 
contribute to shorten the time to market of product-
services, ensuring compliance with the requirements that 
are set out in the early activities of development. The 
maturity of any method depends on its full use within 
companies, and, with this research it is preview to full 
implement the proposed methodology to drive the 
developments within the consortium presented in the 
case study, integrating the methodology for product-
service development with a roadmap for business model 
definition that we propose to be done in the design phase 
of the product-service.  
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